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ABSTRACT 
Biodiesel is an alternative fuel for replacing diesel fuel in compression ignition engines.  
Due to the complexity of the diesel fuel production and exhaust emissions from 
petroleum-fuelled engines will give negative impact to the environment. In this study, 
the sodium hydroxide as the catalyst was used to react with methanol for obtaining 
chemical compound that is called methyl ester which is known as biodiesel. The method 
used are Ultrasonic. Basically, this method will reduce the reaction time on the 
conversation of jatropha curcas oil (JCO) into biodiesel. The experiment was to 
determine the effect of esters contents by reaction time, molar ratio methanol (MeOH) to 
JCO, the amount of catalyst, frequency and power output of ultrasonic using ultrasonic 
in-line reactor. The optimum production of biodiesel was achieved at 7 minutes of 
reaction time, 1%wt of catalyst concentration and molar ratio methanol to oil 12:1, 
frequency ultrasonic of 20 KHz and ultrasonic output 600 Watt at temperature 65°C. 
The biodiesel produced by this method has been referred according to ASTM D6751. 
From the result, the biodiesel produced from this method has satisfied the requirement 
biodiesel standard. This optimum result in this research can be used to run larger pilot 
plant designed for industry. 
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ABSTRAK 
Biodiesel adalah bahan api alternatif yang digunakan dalam pembakaran enjin. Hal ini 
kerana, kesukaran pengeluaran minyak diesel dan asap yang dilepaskan oleh 
pembakaran enjin petroleum mendatangkan kesan yang negatif kepada alam sekitar. 
Kajian ini menggunakan natrium hidroksida sebagai pemakin untuk bertindak balas 
dengan metanol bagi menghasilkan sebatian kimia yang dipanggil “methyl ester” dan 
juga dikenali sebagai biodiesel. Kaedah ultrasonik telah digunakan. Secara asasnya, 
kaedah ini dapat mengurangkan masa tindak balas bagi penukaran minyak jatropha 
curcas (JCO) kepada biodiesel. Kajian ini dijalankan adalah untuk menentukan 
kandungan “ester” dengan masa tindak balas, nisbah molar metanol (MeOh) kepada 
JCO, jumlah pamangkin, frekuensi dan keluaran kuasa ulrasonik “in-line”. Penghasilan 
biodiesel yang optimum dicapai dengan masa tidak balas 7 minit, 1% wt kepekatan 
pemangkin dengan nisbah molar 12:1 metanol kepada minyak, frekuensi ultrasonik 20 
KHz dan keluaran ultrasonic 600watt pada suhu 65°C. Biodiesel yang dihasilkan melalui 
kaedah ini telah dirujuk dengan piawaian biodiesel iaitu ASTM D6751. Keputusan yang 
diperolehi daripada perbandingan biodiesel yang dihasilkan menggunkan kaedah ini  
adlah menepati piawaian biodiesel. Penghasilan optimum biodiesel yang diperolehi dari 
kajian ini boleh diaplikasikan pada loji pandu biodiesel yang dihasilkan bagi kegunaan 
industri.  
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CHAPTER 1 
INTRODUCTION 
1.1 Background of study 
Renewable energy is the development of new technologies that has become interesting 
topics around the world over a decades ago. These technologies are the alternatives for 
replacement of conventional (fossil) fuels. Biodiesel is one of the alternatives fuel which 
substitutes the petroleum-based diesel (Benavides et al., 2013). According to Gude et al., 
(2013) alternative fuel sources such as biodiesel is needed in transportation and 
industrial sectors to drive the machinery and engines. Biodiesel is an alternative fuel for 
replace diesel fuel in compression ignition engines because today storage of diesel fuel 
decreases and exhaust emissions from petroleum-fuelled engines give bad impact to 
environment (Berchmans and Hirata, 2008).  
Since 2003 the total production of biodiesel in the world was around 1.8 billion 
liters. In European Nations (EU) alone, the demand for biodiesel was projected to 
increase from 3 million tons in 2005 to 10 million tons in 2010. Table 1 depicts the top 
10 countries in terms of absolute biodiesel production potential with Malaysia far ahead 
among the rest. Therefore, Malaysia does not need to rely on foreign import for raw 
materials to develop its own biodiesel industry feedstock available for the development 
of biodiesel in these nations are 28% of soybean oil, 22% of palm oil, 20% of animal 
fats, 11% of coconut oil, while rapeseed, sunflower and olive oils constitute 5% each. 
Malaysia is one of countries which is richness in oil palm is the primary driving force for 
its development of biodiesel industry. Therefore, Malaysia does not need to rely on 
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foreign import for raw materials to develop its own biodiesel industry (Ong et al., 2011). 
Table 1.1 :Top 10 countries in terms of absolute biodiesel production (Ong et al., 
2011) 
No  Country  Volume(million litres) Production cost (USD/L) 
1 Malaysia  14,450 $0.53 
2 Indonesia  7,595 $0.49 
3 Argentina  5,255 $0.62 
4 USA 3,212 $0.70 
5 Brazil  2,567 $0.62 
6 Netherlands  2,496 $0.75 
7 Germany 2,024 $0.79 
8 Philippines  1,234 $0.53 
9 Belgium  1,213 $0.78 
10 Spain  1,073 $1.71 
 
 The overall production of biodiesel includes two major challenges which are cost 
of the feedstock and conversion process of oils to biodiesel. Furthermore, using raw 
materials from own plantations will enable biodiesel developers to control the cost and 
quality of the biodiesel production more efficiently because process improvements and 
optimization help reduce the biodiesel conversion process costs. The extraction of oil 
from the feedstocks and conversion (transesterification) of oils (fatty acids) to biodiesel 
(alkyl esters) are the main steps involves in biodiesel production. This steps are 
important because without these steps biodiesel production is not possible. Commonly 
the method ulitize to indicate these two steps simultaneously or in series include 
conventional heating, high pressure and temperature reactions such as thermal 
liquefaction and pyrolysis. These methods are employed based on the feedstock type and 
quality (Gude et at., 2013) . With the increase demand of biodiesel, so the new novel 
methods for increasing and enchanging biodiesel production being researched in the 
context of enchanging and increasing the biodiesel production time and energy 
consuming which leads higher cost production. 
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 The conventional method have some disadvantages such as low level of 
triglycerides conversion. It is because the reaction ony occur interfacial region between 
the liquids as an alkali catalyst are essentially insoluble in the oil phase due to of 
limitation in mass and heat transfers. Therefore, vigorous mixing and heating using 
sonochemistry approach are required to increase the area contact between two spaces 
and causing to increase the rates of reaction. According to Agustian, (2012) the 
conventional process the reaction tempature required maintain at 60°C for one until two 
hours for get 97% until 98% yield of biodiesel. Besides that, the yield of biodiesel is rise 
up to 97% in one hour reaction time at 70°C with molar ratio 6:1 (methanol to oil).  
1.2 Problem statement 
The mechanical stirring is one method of biodiesel production which is takes long 
reaction times of chemical reaction in transesterification process. Transesterification is a 
mass transfer-limited reaction, it happen between the interface of feedstock oil and 
alcohol, which are only partially miscible. Mechanical stirring method only helps to a 
degree by improving contact between the reagents, but the reaction still very slow 
because stirring cannot sufficiently emulsify the two liquids in order to increase the 
interface surface area between them. Thus, there is a need to investigate new production 
methods which can overcome this disadvantage. Currently ultrasonic method which is 
the new technologies in biodiesel production can be approach to increase reaction rate in 
the process. The high intensity ultrasound creates acoustic cavitation, which produces 
violently and asymmetrically imploding vacuum bubbles, causing shock waves, micro-
jets and strong shear forces as well as extreme local temperature and pressure. This 
results in extremely efficient mixing, leading to ultra-fine, kinetically stable emulsion 
(nano-emulsions) of miscible liquids. The interfacial surface area between the liquid is, 
therefore, increased by orders of magnitude which greatly promotes mass transfer-
limited reaction such as transesterification. According to Singh et al, (2007) the time 
reaction by using ultrasonic method can be decreased from hours to minutes. 
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1.3 Objectives of study 
The objectives of this research were focused on: 
i. To study the application of ultrasonic method in biodiesel production using 
Jatropha Curcas Oil (JCO). 
ii. To development of ultrasonic in-line biodiesel rig used in lab scale. 
iii. To determine the optimum yield of biodiesel production using ultrasonic in-line 
method.  
iv. To evaluate the physical properties of the biodiesel produced using jatropha 
curcas oil compared to American Standard Testing Method (ASTM) standard 
and chemical properties test to confirm the content of the biodiesel. 
1.4 Scopes of study 
The scopes of this study focused on: 
i. The ultrasonic use constant frequency, variable time and different molar ratio in 
the rig and is based in biodiesel plant, Universiti Tun Hussein Onn Malaysia 
(UTHM). 
ii. The biodiesel product would be tested using properties standard of American 
Standard for Testing and Materials (ASTM D6751) biodiesel and Gas 
Chromatography Mass Spectrometer (GC/MS) to confirm the content of 
biodiesel. 
iii. The transesterification process was performed at 3, 5 and 7 minutes for the 
reaction time with molar ratio 6:1, 9:1 and 12:1 
iv. The rig used would be the one fabricated by the Prototype Research Grant 
Scheme (PRGS) team, located in Universiti Tun Hussein Onn Malaysia 
(UTHM). 
v. This project would utilize ultrasonic reactor to reduce the process time. The 
miniature rig that will be used is at the Universiti Tun Hussein Onn Malaysia 
(UTHM) biodiesel plant. 
  
 
 
CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction  
This chapter will focus on a few options used to increase conversion rates and yields of 
the esters to bring save production cost and improve the overall quality of the product of 
biodiesel. The types of feedstock, factors affecting transesterification reaction, biodiesel 
properties and technology of biodiesel production will be discussed. From the current 
technology of biodiesel production ultrasonic method was selected to process biodiesel 
improve yielding and short time reaction in processing biodiesel. The previous studies 
related to biodiesel production and physical and chemical properties will be used as a 
guideline to conduct an improvement to the ultrasonic process. 
2.2 Definition of biodiesel 
Biodiesel is a non-oil based diesel fuel, comprises of the monoalkyl esters of long chain 
fatty acids which originated from renewable lipid sources. Biodiesel is commonly 
produced through the reaction of a vegetable oil or animal fat with methanol within the 
vision of a catalyst to yield glycerine and biodiesel (chemically called methyl esters). 
According to United State Environmental Protection Agency, biodiesel can be defined as 
a pure fuel or as a fuel additive and is a legal fuel for marketing. Biodiesel is an option 
fuel which can be used as a part of neat form or mixed with petroleum diesel for use in  
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compression ignition (diesel) motors. It is physical and chemical properties can be 
identified through the operation of diesel motors such as petroleum-based diesel fuel. 
The determination for biodiesel is endorsed by the American Standards for Testing and 
Materials (ASTM) under code number 6751 (Biodiesel Definition and Benefits). 
2.3 Malaysian National Biodiesel Policy  
According to Chin, (2011) Malaysia is the largest exporter and the second largest 
producer (aſter Indonesia) of crude palm oil (CPO) which is in 2009 Malaysia produced 
17.6 million tonnes of CPO. The aim of replacing biodiesel for fossil fuels used at the 
moment should not lead to higher consumption of diesel by the thought of availability 
and renewability of this kind of fuel. In order to promote more renewable energy 
resources, Malaysia has launched a National Biofuel Policy. This policy was finally 
established in 21st of March 2006 and is supported by five strategic thrusts with the 
period of the implementation of short term, medium term and long term. This policy is 
interchangeably known as the National Biodiesel Policy and is formulated after 
extensive consultation with all stakeholders and as a result of research findings by 
Malaysian Palm Oil Board (MPOB) since 1982. Figure 2.1 shows an overview of the 
National Biofuel Policy (Chin, 2011).  
 
 
 
 
 
 
 
 
 
 
 
 
7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Implementation of National Biofuel Policy in Malaysia (Chin, 2011) 
5 STRATEGIC THRUSTS 
1. Biodiesel for transport 
2. Biodiesel for industry 
3. Biodiesel technologies 
4. Biodiesel for export 
5. Biodiesel for cleaner 
environment 
Short term 
1. Malaysia specification standard B5diesel was 
introduced. 
2. Participation in the trial of B5 diesel with 
select government departments with their 
fleet of diesel vehicles. 
3. Create B5 diesel pumps for people in places 
selected.  
4. Voluntary test at B5 diesel by the Malaysian 
Palm oil Board (MPOB) to choose clients in 
mindfulness advancement programs. 
5. Promotional mindfulness project to instruct 
people in general on the utilization of B5 
diesel. 
 
Medium term 
 
1. Set up the Malaysia standard specification 
for methyl ester palm-based biofuel for 
domestic consumption and export engine 
manufacturers.  
2.  Carry out guarantee them with the utilization 
of B5 diesel. Vast B5 diesel test to be taken 
away to encourage the giving of the motor 
guarantee. 
3.   Pass and uphold laws to order the part of B5 
diesel. 
4.   Empower the arrangement of methyl ester 
commercial plants. Malaysian Palm Oil 
Board that will go about as a catalyst with 
spearheading the foundation of palm 
biodiesel plant in Malaysia in cooperation 
with the private sector. 
 
Long term 
 
1. Steady expansion in extent of palm oil 
preparing in the diesel mixed. 
2. The utilization of biofuel innovation by 
Malaysian organizations and remote 
organizations overseas that are more 
prominent. 
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2.4 Feedstock of biodiesel production  
Nowadays, the world is currently producing biofuel in search of replacement 
diesel fuel (Fernandes et al., 2013). Samniang et al., (2014) also reported that biodiesel 
as an alternatives fuel for diesel engines for over a decade. The biodiesel concept as an 
alternative diesel fuel has been gaining great importance worldwide for its good quality 
exhaust, sustainability and biodegradability. Malaysia is also one of the countries that 
suffered from this crisis. According to by British Petroleum statics, oil production in 
Malaysia in 2001 has decreased from 32.9 million tons to 32.1 million tons in 2010. 
Besides that, Yunus et al.,(2013) also reported the corresponding consumption of oil has 
increased from 22 million tons in 2001 to 25.3 million tons in 2010. So the production of 
biodiesel also impact by government subsidy and other political factors which is the 
types of feedstock one of the factor. 
2.4.1  Types of feedstock 
In order to solve the petroleum minimization and pollution, biodiesel from 
biomass can be one of realistic alternative renewable fuel. The feedstock in biodiesel 
production such as algae, animal fats and vegetable oil such as palm, jatropha, rapeseed 
and sunflower. Brazil and United States are encouraging ethanol as a potential biodiesel 
which derives from sugar cane and corn; meanwhile, Asian countries such as Malaysia, 
Indonesia, and India have been encouraging comprehensively on palm oil and jatropha 
as source as biodiesel. Table 2.1 show the types of feedstocks that used for production 
biodiesel in Malaysia.  
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Table 2.1: Types of feedstocks that used for production biodiesel in Malaysia. 
Feedstocks Characteristic Region Author 
Palm oil  
i. Height of 20–25 m with a life cycle of about 25 years and full production is reached 
8 years after planting 
ii. Used for cooking, and as a raw material for margarine production and as an additive 
for butter and bakery products 
iii. Pure palm oil is semisolid at room temperature (20–22°C), and in many applications 
is mixed with other vegetable oils, sometimespartially hydrogenated 
Malaysia, 
Indonesia  
(Ahmad et al., 2012 ; 
Romano and 
Sorichetti, 2011; 
 Lim and Teong, 
2010) 
Jatropha   
i. Jatropha plants become productive after 3 or 4 years, and their lifespan is about 50 
years 
ii.  Oil yield depends on the method of extraction; it is 28–32% using presses and up to 
52% by solvent extraction 
iii. Variety; it requires little water or additional care; therefore, it is adequate for warm 
regions with little fertility 
iv. Productivity may be reduced by irregular rainfall or strong winds during the 
flowering season 
Asia / 
Australia 
  
(Ahmad et al., 2012 ; 
Romano and 
Sorichetti, 2011; 
Lim and Teong, 
2010) 
Soybean  
i. Depending on environmental conditions and genetic varieties, the plants show wide 
variations in height 
ii. Biodiesel production form soybean yields other valuable sub-products in addition to 
glycerin: soybean meal and pellets (used as food for livestock) and flour (which 
have a high content of lecithin, a protein).  
iii. Grain yield varies between 2,000 and 4,000 kg/hectare.  
iv. Since the seeds are very rich in protein, oil content is around 18%. 
East Asia 
United States, 
Brazil, 
Argentina, 
China, and 
India 
(Ahmad et al., 2012 ; 
Romano and 
Sorichetti, 2011; 
Lim and Teong, 
2010) 
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Therefore, jatropha curcas oil (JCO) is has been chosen as an alternative 
feedstock for producing biodiesel in Malaysia. The name of jatropha originates from 
Greek word jars (doctor) and trophe (food) because it has numerous therapeutic qualities 
(Parawira, 2010). The fact that the jatropha oil cannot be used for nutritional purposes 
without detoxification makes its use as energy or fuel very attractive as biodiesel. 
According to Brittaine and Lutaladio (2010) jatropha oil was utilized as a substitute for 
mineral diesel since the Second World War in Madagascar, Cape Verde, and Benin. 
Jatropha Curcas (Linnaeus) is a multipurpose bramble/little tree having a place with the 
group of Euphorbiaceae. This plant has numerous properties, various utilizations, and 
various potential. For example, the plant can be utilized to anticipate and/or control 
disintegration, to recover land, fence, particularly to hold or avoid ranch creatures and 
planted as a business crop. It is a local of America, however, now flourishes in numerous 
regions of the Africa and Asia (Kumar and Sharma, 2008). 
The species of plant that is employed for oil extraction is known as jatropha 
curcas. Jatropha curcas oil (JCO) is toxic. Hence, they are not consumable to the human 
and living thing. It grows extremely fast, the height of jatropha plant attains around four 
meters during a span four to five years. The jatropha seeds usually fully grown within 
three to four months after flowering and continue producing seeds until the age of 50 
years (Chhetri et al., 2008).  
Jatropha is the primary source of alternative energy in the biodiesel production 
all over the world. The technology for jatropha oil extraction has emerged significantly 
similar with its corresponding development. The extraction of oil from jatropha oil from 
jatropha seeds become significant as it is an important source for biodiesel production. 
The jatropha curcas is increasingly popular in getting further consideration as a 
feedstock for biodiesel production because of its inadequacy of nourishment crops. The 
parts of the jatropha curcas seed is shown as in Figure 2.1. 
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Figure 2.1: The parts of jatropha (Atabani et al., 2012) 
Moreover, adverse climatic conditions such as, high temperature, low moisture 
content and soil fruitfulness do not influence its productivity (Balat, 2011). Jatropha 
curcas known as Jarak Pagar in Malaysia. This kind of plant contains around 60% of 
seed is part oil. Besides, jatropha curcas oil (JCO) is not reasonable for sustenance 
purposes because of the nearness of phorbol ester as poisonous constituents, hence it can 
be used as energy or fuel source without detoxification (Akbar et al., 2009). Currently, 
Malaysia is administration are more concern on non-consumable feedstock to create 
green fuel in order to avoid the questionable nourishment issues (Lane, 2012).  
The extracted oil from the seeds is being processed to prepare a high-quality bio-
fuel. This bio-fuel can be an alternatives source that can be used in any diesel engine. 
The fatty acid composition of jatropha was listed in Table 2.2. A viscous oil is contained 
in jatropha seeds, which can be utilized to fabricate candles and cleanser, in the comestic 
industry as diesel/paraffin substitute or extender (Kumar et al., 2008). From the 
characteristics of jatropha oil, it also attracts the production biodiesel. According to 
Yunus et al., (2013) biodiesel produced from Jatropha oil can reduce danger and 
emission compare with the petroleum diesel. Therefore, Malaysia has taken the 
opportunity to investigate and expand jatropha production because of land and climate in 
Malaysia suitable for Jatropha plant. 
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Table 2.2: Composition of jatropha oil (Bio Oil National, Material Safety Data 
Sheet, 2012) 
Fatty acid Structure Composition (%) 
Myristic acid C14 0-0.1% 
Palmitic acid C16 14.1-15.3% 
Stearic acid C18 3.7-9.8% 
Arachidic acid C20 0-0.3% 
Behenic acid C22 0-0.2% 
Palmitoleic acid C 16:1 0-1.3% 
Oleic acid C 18:1 34.3-45.8% 
Linoleic acid C 18:2 29.0-44.2% 
2.5 Free fatty acids factor 
Typically, free fatty acids (FFAs) contents of crude plant oil < 3.0% and gums in the 
range of 0.05 - 0.5% (Leung et al., 2010). For some of oil feedstocks, it needed pre-
treatment to remove the gums either using conventional degumming methods or using 
enzymes (Hitchman, 2009). Higher free fatty acids (FFAs) oil feedstocks, such as 
recovered yellow grease, are no longer viable for the production of biodiesel by the 
conventional alkali process. For example, feedstocks containing up to 9% free fatty acids 
(FFAs) can be pre-treatment by different methods such as the SRS continuous flow acid 
by SRS Engineering, removal of free fatty acid (FFAs) by distillation or adsorption, or 
treated with enzymes (SRS Biodiesel Technologies, 2013). Crude corn oil or yellow 
grease with FFAs > 9% requires acidic pre-treatment, enzymes or Ca(OH)2.  
High free fatty acid (FFAs) oil which is dispose in the drains as “brown grease” 
is a potentially problematic waste stream and it clogs installations in waste-water 
treatment plants. Thus, it increase the cost of treating effluent (Tunc et al., 2010). An 
enzymatic or acid-based esterification method is required to reduce free fatty acid of 
feedstock that contains typically 30% up to 100%. Free fatty acid (FFAs) is an important 
factor that needs to be determined before producing biodiesel free fatty acid (FFA) level 
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is lower than 1% (virgin oil). It is because the free fatty acid (FFAs) level is the basic 
point to choose suitable technology can be applied in producing biodiesel. 
When the feedstock contains up to 3.5%, the formation of free fatty acid (FFAs) 
soap is occur that will be a difficult to work with the alkaline reaction. One way to deal 
with it is blending such oil (FFAs <3.5) with the lower free fatty acid (FFAs) feedstocks 
(<1%) to obtain oil feedstock of free fatty acid (FFAs) less than 2%. Besides that, the 
feedstocks containing free fatty acid (FFAs) level below 3% can be pre-treated by 
adsorbents with extract free fatty acids (FFAs) from oil out into the matrix. Another 
approach that has been used to convert the free fatty acids (FFAs) to their potassium 
salts is water wash process or centrifugal. If contents free fatty acids in oil higher than 
1%, pre-treatment method should be applied for reduce the free fatty acids (FFAs). 
Acoording to Li et al., (2010), the alkali biodiesel production process converts the free 
fatty acids (FFAs) to soaps which eventually result in the complication of the 
downstream processing of the final products. Table 2.3 show pre and post-treatment 
methods of different variable levels of free fatty acids (FFAs). 
Not all methods are acceptable for every biodiesel production plant. The certain 
factors will have to be considered such as the process type (alkali, acidic, heterogeneous 
and enzymatic), the type of existing equipment in the plant, the long-term availability of 
feedstocks used with variable contents of free fatty acids (FFAs) and how the pre-
treatment technology ties into those systems. 
 
 
 
 
 1
4
 
Table 2.3: Pre and post-treatment methods of different variable levels of free fatty acids (FFAs) (Ahmed Tafesh and Sobhi 
Basheer, 2013)  
FFAs % pre-treatment <1% 4 - 9 % 10 - 15% >15% Post-treatment of biodiesel 
Feedstock Crude and refined 
Soybean palm 
Rapeseed corn 
Canola sunflower 
Recovered – UCO* 
Jatropha, Algae 
Yellow grease 
Crude corn oil in 
ethanol plants 
Crude oil 
PFAD* 
Brown grease 
Recovered soap 
Ion exchange and solid 
adsorbents for removal of 
soap, glycerol from BD*** 
(US patent 7,635,398) 
INDION-BF-100 (good for 
500 ppm FFAs) 
Method Absorbents  
Magnesium silicate 
Enzyme 
Stream striping 
continuous flow acid 
Bentonite clay 
Steam striping  
Acid esterification 
CA(OH)2 extraction 
Enzymatic  
Acid 
esterification 
Amberlyst –
BD20 
- 
Phosphorus Purifine PLC  
Lecitase (Novo) 
Adsorbent 
Magnesol 1600R 
- - - - 
Sulfur, soaps, sterol 
glucosides 
Adsorbent  
Magnesol 600R(36) 
- - - 
Post-treatment distillation-
BD 
Amberlite BD 10 DRY-
remove soap 
Ca (calcium) Mg 
(magnesium) 
Bentonite clay  
- - - - 
 
*UCO –used cooking oil, *PFAD- palm fatty acid distillate, ***BD-biodiesel 
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2.6 Biodiesel properties 
Biodiesel properties are the important standard of biodiesel quality. The condition of 
physical and chemical properties must fullfill the required standard. The quality 
standards for biodiesel are consistently updated, due to an advancement of compression 
ignition engine, stricter emissions standard, re-evaluation of the eligibility of feedstock 
used for the production of biodiesel. Detail specifications for biodiesel fuel (B100) based 
on the most popular standard is American Standard for Testing and Materials (ASTM 
D6751). According to Knothe et al., (2015), the standards of biodiesel specification have 
developed in various countries and region around the world.  
2.6.1 American Standards for Testing and Materials (ASTM)  
American Standards for Testing and Materials (ASTM D6751) describes biodiesel as 
mono-alkyl esters of long chain fatty acids derivative from vegetable oil and animals fats 
(Romano and Sorichetti, 2011 ; Knothe, 2010). Mono-alkyl esters can be derived with 
any alcohol such as methanol and ethanol as long as it meets the specifies requirement 
outlined in the fuel specification. The American Standards for Testing and Material 
(ASTM) biodiesel standard is shown in Table 2.3 below. Biodiesel standard is important 
because it is a guideline to ensure the high-quality biodiesel produced for the market. 
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Table 2.4: ASTM D6751 Biodiesel B100 Specification (Specification for Biodiesel 
(B100) ASTM D6751-07b, 2007)  
Property Method Limits Units 
Flash point, closed cup D 93 130  min °C 
Density  ASTM D1298, 860-890 kg/m3 
Water and sediment D 2709 0.050 max % volume 
Kinematic viscosity, 40°C D 445 1.9 – 6.0 mm²/s 
Sulfated ash D 874 0.020 max wt. % 
Total sulphur D 5453 0.05 max wt. % 
Copper strip corrosion D 130 No. 3 max  
Cetane number D 613 47 min  
Carbon residue D 4530 0.05 max wt. % 
Acid number D 664 0.8 max mg KOH/g 
Free glycerine D 6584 0.02 wt. % 
Total glycerine D 6584 0.24 wt. % 
Phosphorus D 4951 10 Ppm 
Vacuum distillation end point D 1160 360 °C max,  at T-
90 
 
2.7 Biodiesel production  
Productions biodiesel from Jatropha, one needs to follow the process begin with the 
systematic process starting with seed preparation to process and titration of oil. In 
biodiesel production, oil and fats which have the free fatty acids (FFA) content above 
2% requires some pre-treatment procedure to reduce the free fatty acids (FFA) content. 
It is called esterification process. The general name for a chemical reaction in which two 
reactants (commonly an alcohol and an acid) form an ester as the reaction product is 
esterification. The common alcohol used in biodiesel production is methanol because it 
is cheap and easily availability. Besides, an other alcohol that be used in biodiesel 
production are ethanol and higher such as isopropanol and butanol which is also used in 
esterification (Talebian et al., 2013 ; Rahayu and Mindaryani, 2007). 
The next process in biodiesel production is transesterification, also called as 
alcoholysis. During this process, the chemical displacement of alcohol from an ester by 
another alcohol in a process similar to hydrolysis.  
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By using alkali catalyst in the transesterification process is faster and alkaline 
catalyst almost widely used in biodiesel production. Another factor, that affects 
transesterification process are oil temperature, reaction temperature, molar ratio 
methanol, catalyst type and concentration and reaction time (Abdel et al., 2012). 
Purification is the last step in biodiesel production. Methanol removal, washing-
either water washing or dry washing using an absorbent and subsequent drying of the 
biodiesel before final filtering are the processes necessary to make biodiesel quality as 
per required for the combustion or heating fuel. In the glycerol removal unit operation, 
the glycerol is neutralize using citric acid to separate the remaining fatty acid and crude 
glycerol. This remaining fatty acid can be esterified to produce biodiesel provided its 
minimum amount is sufficient. Glycerol is a common feedstock for soap production. 
2.7.1  Pre-treatment method 
Pre-treatment is the stage required in the plant in order to process feedstock prior 
to their conversion to biodiesel. Such as water, gums, suspended particles, polymers and 
mostly free fatty acids (FFAs) are stages typically involve in reducing factors of negative 
impacts on the biodiesel production process. Water normally cause increased 
concentration formation of soaps during alkali transesterification, reacts with the alkali 
catalyst sodium methylate to form methanol and sodium hydroxide, also shifts the 
equilibrium reaction toward hydrolysis under acid-catalyst condition.  
The soaps can solidify or freeze up and block lines which result in equipment lost 
time (downtime). Reacting caustic soda with free fatty acids (FFAs) is one of the method 
involves in pre-treatment. However, there will be significant yield losses in such pre-
treatment method. While acid pre-treatment does not lead to the formation of soaps and 
therefore will minimal yield losses. Polymers, gums, and particulates in oil feedstocks 
inflict negative impacts of the biodiesel production process as they lead to knowing 
down of the catalyst and also implications on phase separation of oil/glycerol phases. 
Liquid acid treatment is one of pre-treatment method that being used to process 
of the biodiesel industry. This method applied for feedstock that contains free fatty acids 
(FFAs) above 10% need pre-treatment with a strong acid, such as sulfuric acid, which to 
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remove the FFAs to their methyl esters, thereby reducing the free fatty acids (FFAs) 
level in the feedstock. The acidic process requires high temperature and high excess of 
methanol in order to achieve high conversions during a reasonable reaction time. Water 
is produced during the esterification, and as it accumulates in the reaction medium leads 
to slowing down of the reaction rate. However, an acidic process also has the 
disadvantage to neutralize the acid at the end of the reaction need producing a large 
amount of low-grade methanol/water/salts solution. So, the oil feedstock treated by 
alkaline catalyst and methanol for neutralizing oil feedstock to produce biodiesel (Ataya 
et al., 2007). 
Therefore, liquid acid technology was adopted for the conversion of free fatty 
acids (FFAs) to fatty acids methyl ester (FAME). According to Yunnan (2013) United 
States of America (USA) has developed a continuous flow acid esterification system that 
utilizes methanol and acid to convert free fatty acids (FFAs) into usable oil feedstocks as 
opposed to washing with caustic soda which contribute to high yield losses. This process 
is energy efficient that prevents soap formation, and converts up to 15% free fatty acids 
(FFAs) feedstock to biodiesel. Besides that Yunnan (2013) stated that this process a 
proprietary process of used a modified waste additive to remove surplus water from the 
oil prior to transesterification process to further prevent the development of soap 
production. 
2.7.2  Esterification process  
Esterification is the typical example of an equilibrium-limited reaction of carboxylic 
acids and alcohol that produce water as by-product (Rathod et al., 2013; Chongkhong et 
al., 2009; Iglesia et al., 2007). The conversion is mostly low due to limits imposed by 
thermodynamic stability. So, there are two main methods for getting a high ester yield. 
Firstly, using a large excess of alcohol it is necessary to shift the position of the 
equilibrium to the ester side. Secondly is trying to separate the formed water from 
reaction medium by means of reactive distillation. According Iglesia et al., (2007) by 
using the large excess of reactant is accompanied with increased cost for subsequent 
separation operations, while reactive distillation is only effective when the difference 
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between the volatility of product species and the volatility of reactant species is 
sufficiently large.  
The catalyst in esterification reaction will enhance autoprotolysis of the 
carboxylic acid through proton donation. In this case, there are two types of acid that can 
be used either inorganic acids, such as acid sulphuric (H2SO4), hydrochloric acid (HCI), 
hydrogen iodide (HI) or chlorosulphonic acid (CISO3OH) and organic acids as p-toluene 
sulphonic acid. It is because the catalyst is low price (Iglesia et al., 2007). 
 
Figure 2.2: Esterification reaction for biodiesel production process (Deshmane et 
al., 2009) 
In addition, by utilizing the oils with higher free fatty acids (FFA) contents in 
alkali catalyst transesterification results in the formation of soap and causes challenges 
in the purification of biodiesel, along these lines expanding the general generation cost 
(Saifuddin et al., 2009). According to Pathak (2015) and Ejikeme et al., (2010) other 
option to resolve this issue is used acid catalyzed esterification, that is lower compare 
than the base-catalyzed transesterification reaction. Consequently, Bojan et al., (2012) 
and Veljković et al., (2006) proposed for feedstock having the high FFA content the 
alternatives process such as a two-step process that is being investigated esterification 
and transesterification. 
Therefore, jatropha curcas oil with high free fatty acid was selected as the 
feedstock for biodiesel production. By two step pre-treatment process the high contains 
free fatty acids (FFA) of jatropha curcas oil was decreased less than 1%. So, reaction 
with methanol and acid catalysis are the initial step for esterifying three free fatty acid 
(FFA). In this step, it was carried out with 0.60 wt% methanol to oil ratio within the 
sight of 1wt% of acid sulphuric (H2SO4) as an acid catalyst in the one-hour response at 
50°C. According to Berchmans and Hirata, (2008) after the reaction of esterification was 
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completed, the mixture required two hours to complete. The result of segregated produce 
water at the top layer while oil at the bottom layer. 
2.7.3  Transesterification process  
There are four strategies listed to decreased the high viscosity of vegetable oils, such as 
mixing with diesel, emulsification, pyrolysis, cracking, and transesterification. 
Nowadays, according to Liao and Chung (2011) transesterification method is most 
common and more suitable to reduce viscosity of vegetables oil, it is because the by-
product (glycerol) has commercial value. 
According to Ghoreishi and Moein (2013) transesterification or alcoholysis is the 
proses of converting vegetables oil into biodiesel and the reaction of a fat or oil with an 
alcohol to form esters and glycerol. The principle purpose of transesterification response 
is to decrease the viscosity of oils until it achieved the standard value of normal diesel. It 
is on a fundamental level the activity of one alcohol uprooting another from an ester, the 
term alcoholysis (cleavage by an alcohol). The reaction, as shown in Figure 2.3 is 
reversible and hence, an abundance of alcohol is typically used to drive the balance to 
the item side. 
 
  
Figure 2.3 :Transesterification of triglycerides with alcohol ( Khan, 2002) 
In this process vegetable oil responded with an alcohol like methanol or ethanol 
within the sight of a catalyst by either acid or base. Methanol and ethanol are used most 
frequently especially for methanol because of its minimal effort, its physical, synthetic 
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favorable circumstances polar and briefest chain alcohol was examined by Pathak 
(2015). In the chemical reaction, if methanol is used methyl esters are formed yet in the 
event that ethanol is used, then ethyl esters are formed. Nahar and Sunny (2011) claimed 
that both of these compounds are different chemical combinations of biodiesel fuels. 
Sodium or potassium hydroxide as the base-catalyst transesterification is most 
generally utilized as a part of the industrial production of biodiesel (Thanh et al., 2012; 
Bautista et al., 2009). Otherwise, in transesterification process acid catalyst has been 
given less consideration since it has a moderate reaction rate furthermore consumes 
industrial equipment. Other than that, an alkali catalyst continues at around 4000 times 
speedier than with the same measure of an acid catalyst according to Atabani et al., 
(2012) and Helwani et al., (2009). Even though the feedstock has high amount free fatty 
acids, acid catalysts are suitable method than base-catalyst because soap not formed in 
the last products (Thanh et al., 2010). 
Therefore, Berchmans and Hirata (2008) investigated technique to produce 
biodiesel from jatropha curcas seed oil having high free fatty acids (15% FFA). The high 
amount FFA contains jatropha curcas oil can be reduced to less than 1% by using two 
step pre-treatment process which are esterification and transesterification process. The 
purpose of the first process was to convert FFA to esters using an acid catalyst (H2SO4 
1% w/w) at temperature 50°C to reduce the FFA concentration of JCO below 2%. While 
second step was transesterification with alkali base catalyst. This process using 32.56 
wt% methanol to oil or same with methanol to oil molar ratio 9:1 and 1.4wt% NaOH to 
oil as an alkaline catalyst to produce biodiesel at 65°C. The final yield of methyl ester of 
fatty acid was achieved at 90% in two hours (Berchmans and Hirata, 2008). 
Generally, molar ratios of methanol to triglyceride utilized have been as a part of 
the scope of 5.25 - 6:1. Parawira, (2010) recommended that for the most extreme yield 
of the fatty acids methyl ester (FAME); a molar proportion of 6:1 ought to be utilized. 
He likewise noticed that molar ratio more prominent than 6:1 did not expand the yield of 
FAME, will make recuperation of FAME and glycerol more muddled, therefore 
increasing the cost of the methanol recovery.  
According to Deng et al., (2010) blends of jatropha oil, methanol, and catalyst 
(NaOH) mixed at 600 rpm were reacted for biodiesel creation in an ultrasonic reactor at 
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a power of 210 watts and temperature of 60°C. NaOH was utilized as base-catalysts for 
the transesterification process to produce the biodiesel. It was found that in 
transesterification step 96.4% biodiesel yield with 0.32 mg KOH/g acid value was 
accomplished for 0.5-hour transesterification reaction. For transesterification process, it 
takes just 0.5 hours to accomplish 96.4% diesel yield that is the half time of the previous 
work of Berchmans and Hirata (2008). 
2.8 Factors affecting transesterification reaction 
There are numerous elements that could influence the yield and conversion of biodiesel. 
The component, for example, types content of free fatty acids and moisture, the quantity 
of alcohol/triglyceride molar ratio, type, and centralization of catalyst utilized, blending 
power, the reaction of time and temperature. All these factors will determine the final 
result of biodiesel product American Standard for Testing and Materials (ASTM) 
standard to be official will be used to confirm that it is usable and can be 
commercialized. 
2.8.1  Effect of alcohol/ triglyceride molar ratio  
The transesterification process consists chronology of following reversible reactions 
where the triglycerides are progressively changed into diglyceride, monoglyceride, lastly 
into glycerin and the methyl esters. Musa (2016) and Balat and Balat (2010) perceived 
that one of the primary elements influencing the yield of biodiesel is the molar ratio of 
alcohol to triglyceride. Hypothetically, transesterification reaction requires for three 
moles of alcohol and one mole of triglyceride to create three moles of fatty acid ester 
and one mole of glycerol. In any case, transesterification is a balance response in which 
an expansive abundance of alcohol is required to drive the reaction to the right. In 
industrial processes, usually molar ratio of 6:1 (with alkali as the catalysts) should be 
used to obtain yields of methyl ester higher than 98% by weight. 
The ester yield expanded as the molar proportion expanded up to an estimation of 
12:1. Therefore molar ratio range around 9:1 and 12:1 is the best result for producing 
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biodiesel. Meanwhile, the response was deficient for molar ratio under 6:1. Anyway, for 
a molar ratio of 15:1 the separation of glycerine is complicated and the evident yield of 
esters diminished on the grounds that a part of the glycerol stays in the biodiesel stage. 
Encinar et al., (2010) claimed that molar ratio of 9:1 appears to be the most suitable. The 
maximum conversion was obtained when the molar ratio was very close to 12:1. 
Nevertheless, with further increment in the molar ratio, there was an exclusive little 
change in the transformation. Thus, it is obvious that to lift the transformation, an 
overabundance methanol food was compelling to a specific extent (Vyas et al., 2009).  
In the base-catalyzed development, formation of methyl ester is simple compare 
to ethyl esters. In particular, the arrangement of the steady emulsion amid methanolysis 
is an issue. Usually, mechanically stirred to enhance mass transfer and reaction mixture 
because methanol and ethanol are not miscible with triglycerides at surrounding 
temperature. Emulsions generally frame over the span of the reaction. Baroutian et al., 
(2009) researched that emulsion rapidly and effectively separate to shape a lower 
glycerol-rich layer and upper methyl ester-rich layer on account of methanolysis. While 
emulsions are more steady and extremely confound the separation and purification of 
esters on case of methanolysis. 
Tippayawong and Sittisun (2012) studied the oil to methanol molar ratio used 
was 1:3, 1:6 and 1:9 at the catalyst concentration of 1.0% and residence time of 30 
seconds. At molar ratio of 1:6 oil/methanol after 30-second reaction the yield of 
biodiesel was 96.5%. It shows that the reaction becomes faster with the higher molar 
ratio. For the lower molar ratio, it spends a long time to obtain similar conversion yields. 
Besides that, if high molar ratios of oil to methanol it is more difficult for solvent 
recovery and emulsification also can occur during the washing of products. Figure 2.4 
show the effect of molar ratios of oil to methanol on biodiesel yields with reaction time 
of the 30 seconds, 1.0% sodium methoxide (NaOCH3), and microwave power of 800 
watts (W).  
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Figure 2.4: Effect of molar ratio of oil to methanol on biodiesel yields with reaction 
time of 30s, 1.0%NaOCH3, and microwave power of 800 W (Tippayawong & 
Sittisun, 2012) 
 
 
According to Leung and Guo (2006) increase amount of alcohol does not obtain 
yield of biodiesel but it increase cost of recovery alcohol. Also, the ratio of alcohol 
content may shift with catalyst utilized, the case when we utilize alkali catalyst the 
reaction requires 6:1 ratio of alcohol to catalyst the transesterification of oils or fats as 
discovered. For case, feedstock contains with high free fatty acid (FFA) the reaction 
does not respond to alkali catalyst. 
2.8.2  Effect of water and FFA contents  
The water and free fatty acid (FFA) content are basic variables rely on upon the catalyst 
utilized in the transesterification reaction. The free fatty acid (FFA) and moisture content 
are main parameters for determining the viability of the vegetables oil transesterification 
process. To carry the base-catalyst reaction to completion a free fatty acid lower than 1% 
is required. The higher the acidity of the oil is the little transformation viability. Both 
  
 
 
 
   
REFERENCES 
Abdel, M., Farag, H. A., & Ossman, M. E. (2012). Production of biodiesel from non-
edible oil and effect of blending with diesel on fuel properties. Engineering 
Science and Technology: An International Journal, 2(4), 583–591. 
Agustian, E. (2012). Production of biodiesel from waste cooking oil using ultrasonic 
tubular reactor. Universiti Tun Hussein Onn Malaysia: Thesis Master Degree. 
Ahmad, M., Khan, M. A., Zafar, M., & Sultana, S. (2012). Practical Handbook on 
Biodiesel Production and Properties. 
Ahmed Tafesh and Sobhi Basheer. (2013). Pretreatment methods in biodiesel 
production processes. In Z. Fang (Ed.), Pretreatment Techniques for Biofuels 
and Biorefineries (pp. 417–434). Berlin, Heidelberg: Springer Berlin 
Heidelberg. 
Akbar, E., Yaakob, Z., Kamarudin, S. K., Ismail, M., & Salimon, J. (2009). 
Characteristic and composition of jatropha curcas oil seed from malaysia and its 
potential as biodiesel feedstock feedstock. European Journal of Scientific 
Research, 29(3), 396–403. 
Alamu, O. J., Jekayinfa, S. O., & Akintola, T. a. (2007a). Optimal transesterification 
duration for biodiesel production from nigerian palm kernel oil. Agricultural 
Engineering, 9, 1–11. 
Alamu, O. J., Jekayinfa, S. O., & Akintola, T. a. (2007b). Optimal transesterification 
duration for biodiesel production from nigerian palm kernel oil. Agricultural 
Engineering, 9(1), 1–11. 
Alberto, M., Ortega, C., Alpírez, G. M., Eliezer, A., González, C. G., Román, J. C., 
Bautista, A. (2013). Materials technological challenges for the biodiesel 
industry development in Mexico, 279–288. 
 
 
 
  
 
 
Atabani,  a. E., Silitonga,  a. S., Badruddin, I. A., Mahlia, T. M. I., Masjuki, H. H., & 
Mekhilef, S. (2012). A comprehensive review on biodiesel as an alternative 
energy resource and its characteristics. Renewable and Sustainable Energy 
Reviews, 16(4), 2070–2093. 
Atadashi, I. M., Aroua, M. K., & Aziz,  a. A. (2010). High quality biodiesel and its 
diesel engine application: A review. Renewable and Sustainable Energy 
Reviews, 14(7), 1999–2008. 
Atadashi, I. M., Aroua, M. K., Aziz,  a. R. A., & Sulaiman, N. M. N. (2011).Refining 
technologies for the purification of cude biodiesel. Applied Energy, 88(12), 
4239–4251. 
Ataya, F., Dub, M. a, Ternan, M., & Dube, M. a. (2007). Acid-catalyzed 
transesterification of canola oil to biodiesel under single- and two-phase 
reaction conditions acid-catalyzed transesterification of canola oil to biodiesel 
under single- and two-phase reaction conditions. Energy & Fuels, 21(4), 2450–
2459. 
Badday, A. S., Abdullah, A. Z., Lee, K. T., & Khayoon, M. S. (2012). Intensification 
of biodiesel production via ultrasonic-assisted process: A critical review on 
fundamentals and recent development. Renewable and Sustainable Energy 
Reviews, 16(7), 4574–4587.  
Balat, M. (2011). Potential alternatives to edible oils for biodiesel production – A 
review of current work. Energy Conversion and Management, 52(2), 1479–
1492. 
Balat, M., & Balat, H. (2010). Progress in biodiesel processing. Applied Energy, 
87(6), 1815–1835. 
Baroutian, S., Aroua, M. K., Raman, A. A., & Sulaiman, N. M. (2009). Rbd palm 
olein-based methyl/ethyl esters. Journal of Oil Palm Research, 21(December), 
659–666. 
Bautista, L. F., Vicente, G., Rodríguez, R., & Pacheco, M. (2009). Optimisation of 
FAME production from waste cooking oil for biodiesel use. Biomass and 
Bioenergy, 33(5), 862–872. 
Behzadi, S., & Farid, M. M. (2009). Production of biodiesel using a continuous gas-
liquid reactor. Bioresource Technology, 100(2), 683–9.  
 
 
  
 
 
Benavides, P. T., Salazar, J., & Diwekar, U. (2013). Economic comparison of 
continuous and batch production of biodiesel using soybean oil. Environmental 
Progress & Sustainable Energy, 32(1), 11–24.  
Berchmans, H. J., & Hirata, S. (2008). Biodiesel production from crude jatropha 
curcas L. seed oil with a high content of free fatty acids. Bioresource 
Technology, 99(6), 1716–21. 
Berrios, M., & Skelton, R. L. (2008). Comparison of Purification Methods for 
Biodiesel. Chemical Engineering Journal, 144(3), 459–465. 
Bio Oil National, Material Safety Data Sheet. (2012). 
Biodiesel Definition and Benefits. Retrieved from http://tristatebiodiesel.com/ 
Bobade, S. N., Kumbhar, R. R., & Khyade, V. B. (2013). Preperation of Methyl 
Ester ( Biodiesel ) from Jatropha Curcas Linn Oil. Research Journal of 
Agriculture and Forestry Sciences, 1(2), 12–19. 
Bojan, S. G., & Durairaj, S. K. (2012). Producing Biodiesel from High Free Fatty 
Acid Jatropha Curcas Oil by A Two Step Method- An Indian Case Study. 
Journal of Sustainable Energy & Environment, 3, 63–66. 
bomb calorimeter. (2016). Retrieved from 
http://hrsbstaff.ednet.ns.ca/benoitn/chem12/thermochemistry/calorimeter/bomb_
calorimeter.htm 
Breda Kegl, S. P. (2011). Biodiesel Influence on Diesel Engine Emission. 
Mechanical Testing and Diagnosis, 1(x), 40–47. 
Brittaine, R., & Lutaladio, N. (2010). Jatropha : A Smallholder Bioenergy Crop The 
Potential for Pro-Poor Development Jatropha : A Smallholder. Integrated Crop 
Management, 8. 
Candice Schmitt Faccini, Michele Espinosa da Cunha, Maria Silvana Aranda 
Moraes, Laiza C. Krause, Márcia C. Manique, Maria Regina A. Rodrigues, E. 
V. B. and E. B. C. (2011). Dry washing in biodiesel purification: A comparative 
study of adsorbents. Journal of the Brazilian Chemical Society, 22(3), 558–563. 
Chemat-Djenni, Z., Hamada, B., & Chemat, F. (2007). Atmospheric pressure 
microwave assisted heterogeneous catalytic reactions. Molecules, 12(7), 1399–
1409. 
Chhetri, A. B., Tango, M. S., Budge, S. M., Watts, K. C., & Islam, M. R. (2008). 
Non-edible plant oils as new sources for biodiesel production. International 
Journal of Molecular Sciences, 9, 169–180. 
  
 
 
Chhetri, A. B., Watts, K. C., & Islam, M. R. (2008). Waste Cooking Oil as an 
Alternate Feedstock for Biodiesel Production. Energies, 1, 3–18.  
Chin, M. (2011). Biofuels in Malaysia: An analysis of the legal and Infrastructural 
frame work (No. 6.CIFOR, Bogor, Indonesia). Working Paper. 
Chongkhong, S., Tongurai, C., & Chetpattananondh, P. (2009). Continuous 
esterification for biodiesel production from palm fatty acid distillate using 
economical process. Renewable Energy, 34(4), 1059–1063. 
Cintas, P., Mantegna, S., Gaudino, E. C., & Cravotto, G. (2010). A new pilot flow 
reactor for high-intensity ultrasound irradiation. Application to the synthesis of 
biodiesel. Ultrasonics Sonochemistry, 17(6), 985–989. 
de la Iglesia, Ó., Mallada, R., Menéndez, M., & Coronas, J. (2007). Continuous 
zeolite membrane reactor for esterification of ethanol and acetic acid. Chemical 
Engineering Journal, 131(1–3), 35–39. 
Demirbas, A. (2006). Biodiesel production via non-catalytic SCF method and 
biodiesel fuel characteristics. Energy Conversion and Management, 47(15–16), 
2271–2282. 
Demirbas, A. (2008). Biodiesel :A Realistic Fuel Alternative for Diesel Engines. 
Demirbas, A. (2009). Progress and recent trends in biodiesel fuels. Energy 
Conversion and Management, 50(1), 14–34. 
Deng, X., Fang, Z., & Liu, Y. (2010). Ultrasonic transesterification of Jatropha 
curcas L. oil to biodiesel by a two-step process. Energy Conversion and 
Management, 51(12), 2802–2807. 
Deng, X., Fang, Z., Liu, Y. H., & Yu, C. L. (2011). Production of biodiesel from 
Jatropha oil catalyzed by nanosized solid basic catalyst. Energy, 36(2), 777–
784. 
Deshmane, V. G., Gogate, P. R., & Pandit, A. B. (2009). Ultrasound-assisted 
synthesis of biodiesel from palm fatty acid distillate. Industrial and Engineering 
Chemistry Research, 48(17), 7923–7927.  
Dias, J. M., Alvim-Ferraz, M. C. M., & Almeida, M. F. (2008). Comparison of the 
performance of different homogeneous alkali catalysts during transesterification 
of waste and virgin oils and evaluation of biodiesel quality. Fuel, 87(17–18), 
3572–3578. 
 
 
  
 
 
Eevera, T., Rajendran, K., & Saradha, S. (2009). Biodiesel production process 
optimization and characterization to assess the suitability of the product for 
varied environmental conditions. Renewable Energy, 34(3), 762–765. 
Ejikeme, P. M., Anyaogu, I. D., Ejikeme, C. L., Nwafor, N. P., Egbuonu, C. A. C., 
Ukogu, K., Polytechnic, F. (2010). Catalysis in Biodiesel Production by 
Transesterification Processes-An Insight. E-Journal of Chemistry, 7(4), 1120–
1132. 
Encinar, J. M., González, J. F., Pardal, A., & Martínez, G. (2010). Transesterification 
of Rapeseed oil with Methanol in the presence of various Co-solvents. In 
Proceedings Venice 2010 Third International Symposium on Energy from 
Biomass and Waste Venice Italy. 
Fernandes, D. M., Montes, R. H. O., Almeida, E. S., Nascimento, A. N., Oliveira, P. 
V., Richter, E. M., & Muñoz, R. a. a. (2013). Storage stability and corrosive 
character of stabilised biodiesel exposed to carbon and galvanised steels. Fuel, 
107, 609–614. 
Folaranmi, J. (2013). Production of Biodiesel (B100) from Jatropha Oil Using 
Sodium Hydroxide as Catalyst. Journal of Petroleum Engineering, 2013, 1–6. 
Fukuda, H., Kondo, A., & Noda, H. (2001). Biodiesel fuel production by 
transesterification of oils. Journal of Bioscience and Bioengineering, 92(5), 
405–416.  
Gas Chromatography – Mass Spectrometry ( Gc – Ms ). (2016). Retrieved from 
https://en.wikipedia.org/wiki/Gas_chromatography–mass_spectrometry 
Gerpen, J. Van, Shanks, B., Pruszko, R., & Clements, D. (2004). Biodiesel Analytical 
Methods Biodiesel Analytical Methods. 
Ghadge, S. V., & Raheman, H. (2005). Biodiesel production from mahua (Madhuca 
indica) oil having high free fatty acids. Biomass and Bioenergy, 28(6), 601–605. 
Ghoreishi, S. M., & Moein, P. (2013). Biodiesel synthesis from waste vegetable oil 
via transesterification reaction in supercritical methanol. The Journal of 
Supercritical Fluids, 76, 24–31. 
Goyal, P., Sharma, M. P., & Jain, S. (2012). Optimization of Conversion of High 
Free Fatty Acid Jatropha curcas Oil to Biodiesel Using Response Surface 
Methodology. ISRN Chemical Engineering, 2012, 1–8. 
 
 
  
 
 
Gude, V., Patil, P., Martinez-Guerra, E., Deng, S., & Nirmalakhandan, N. (2013). 
Microwave energy potential for biodiesel production. Sustainable Chemical 
Processes, 1(1), 5. 
 He, H. Y., Guo, X., & Zhu, S. L. (2006). Comparison of membrane extraction with 
traditional extraction methods for biodiesel production. JAOCS, Journal of the 
American Oil Chemists’ Society, 83(5), 457–460. 
Helwani, Z., Othman, M. R., Aziz, N., Kim, J., & Fernando, W. J. N. (2009). Solid 
heterogeneous catalysts for transesterification of triglycerides with methanol: A 
review. Applied Catalysis A: General, 363(1–2), 1–10. 
Hitchman, T. (2009). Purifine® PLC: Industrial application in oil degumming and 
refining INFORM - International News on Fats, Oils and Related Materials, 
20(7), 469–472. 
Hossain, A. B. M. S., Boyce, A. N., Salleh, A., & Chandran, S. (2010). Impacts of 
AlcoholType, Ratio and Stirring Time on the Biodiesel Production from Waste 
Canola Oil. African Journal of Agricultural Research, 5(14), 1851–1859. 
Ilham, Z., & Saka, S. (2010). Two-step supercritical dimethyl carbonate method for 
biodiesel production from Jatropha curcas oil. Bioresource Technology, 101(8), 
2735–2740.  
Jagadale, S. S., Jugulkar, L. M., & Intensity, M. (2012). Review of Various Reaction 
Parameters and Other Factors Affecting on Production of Chicken Fat Based 
Biodiesel. International Journal of Modern Engineering Research, 2(2), 407–
411. 
Jain, S., & Sharma, M. P. (2010). Kinetics of acid base catalyzed transesterification 
of Jatropha curcas oil. Bioresource Technology, 101(20), 7701–6.  
James D. McCurry. (n.d.). GC / MS Analysis of Trace Fatty Acid Methyl Esters        
( FAME ) in Jet Fuel Using Energy Institute Method IP585 Application Note, 
1–8. 
Jayed, M. H., Masjuki, H. H., Saidur, R., Kalam, M. A., & Jahirul, M. I. (2009). 
Environmental aspects and challenges of oilseed produced biodiesel in 
Southeast Asia, 13, 2452–2462.  
Juan, J. C., Kartika, D. A., Wu, T. Y., & Hin, T. Y. Y. (2011). Biodiesel production 
from jatropha oil by catalytic and non-catalytic approaches: An overview. 
Bioresource Technology, 102(2), 452–460. 
 
  
 
 
Kafuku, G., Kee, M., Kansedo, J., Teong, K., & Mbarawa, M. (2010). Heterogeneous 
catalyzed biodiesel production from Moringa oleifera oil. Fuel Processing 
Technology, 91(11), 1525–1529.  
Kanitkar, A., Balasubramanian, S., Lima, M., & Boldor, D. (2011). A critical 
comparison of methyl and ethyl esters production from soybean and rice bran 
oil in the presence of microwaves. Bioresource Technology, 102(17), 7896–
7902.  
Khan, A. K. (2002). Research into Biodiesel kinetics & catalyst development, (May). 
Khan, T. M. Y., Atabani, A. E., Badruddin, I. A., Badarudin, A., Khayoon, M. S., & 
Triwahyono, S. (2014). Recent scenario and technologies to utilize non-edible 
oils for biodiesel production. Renewable and Sustainable Energy Reviews, 37, 
840–851.  
Knothe, G., Krahl, J., & Van Gerpen, J. (Eds. ). (2015). The biodiesel handbook (2nd 
ed.). Elsevier. 
Knothe, G. (2010). Biodiesel and renewable diesel: A comparison. Progress in 
Energy and Combustion Science, 36(3), 364–373. 
Kulkarni, M. G., & Dalai, A. K. (2006). Waste cooking oil - an economic source for 
biodiesel: a review. Industrial and Engineering Chemistry Research, 45, 2901–
2913. 
Kumar, A., & Sharma, S. (2008). An evaluation of multipurpose oil seed crop for 
industrial uses (Jatropha curcas L.): A review. Industrial Crops and Products, 
28(1), 1–10. 
Kumar, R., Kumar, G. R., & Chandrashekar, N. (2011). Microwave assisted alkali-
catalyzed transesterification of Pongamia pinnata seed oil for biodiesel 
production. Bioresource Technology, 102(11), 6617–6620.  
Kusdiana, D., & Saka, S. (2004). Effects of water on biodiesel fuel production by 
supercritical methanol treatment. Bioresource Technology, 91(3), 289–295. 
Lane, J. (2012). FRIM completes Malaysian jatropha pilot , aims for scale. 
https://doi.org/http://www.biofuelsdigest.com/bdigest/2012/12/13/frim-
completes-malaysian-jatropha-pilot-aims-for-scale 
Larissa Freitas, Patricia C.M. Da Ro´ s, Julio C. Santos, H. F. de C. (2009). An 
integrated approach to produce biodiesel and monoglycerides by enzymatic 
interestification of babassu oil ( Orbinya sp ). Process Biochemistry, 44, 1068–
1074. 
  
 
 
Leong Boon Soon, Anika Zafiah M. Rus, S. H. (2013). Continuous biodiesel 
production using ultrasonic clamp on tubular reactor. In International 
Conference on Mechanical Engineering Research (pp. 1–10). Kuantan, Pahang, 
Malaysia. 
Leung, D. Y. C., & Guo, Y. (2006). Transesterification of neat and used frying oil: 
Optimization for biodiesel production. Fuel Processing Technology, 87(10), 
883–890. 
Leung, D. Y. C., Wu, X., & Leung, M. K. H. (2010a). A review on biodiesel 
production using catalyzed transesterification. Applied Energy, 87(4), 1083–
1095. 
Leung, D. Y. C., Wu, X., & Leung, M. K. H. (2010b). A Review on Biodiesel 
Production using Catalyzed Transesterification. Applied Energy, 87(4), 1083–
1095. 
Li, X., He, X., Li, Z., Wang, Y., Wang, C., Shi, H., & Wang, F. (2012). Enzymatic 
production of biodiesel from Pistacia chinensis bge seed oil using immobilized 
lipase. Fuel, 92(1), 89–93.  
Liao, C.-C., & Chung, T.-W. (2011). Analysis of parameters and interaction between 
parameters of the microwave-assisted continuous transesterification process of 
jatropha oil using response surface methodology. Chemical Engineering 
Research and Design, 89(12), 2575–2581. 
Lim, S., & Teong, L. K. (2010). Recent trends, opportunities and challenges of 
biodiesel in Malaysia: An overview. Renewable and Sustainable Energy 
Reviews, 14, 938–954. https://doi.org/10.1016/j.rser.2009.10.027 
Liu, C., Lv, P., Yuan, Z., Yan, F., & Luo, W. (2010). The nanometer magnetic solid 
base catalyst for production of biodiesel. Renewable Energy, 35(7), 1531–1536. 
Liu, Y., Xin, H., & Yan, Y. (2009). Physicochemical properties of stillingia oil : 
Feasibility for biodiesel production by enzyme transesterification, 30, 431–436. 
Luu, P. D., Takenaka, N., Van Luu, B., Pham, L. N., Imamura, K., & Maeda, Y. 
(2014). Co-solvent method produce biodiesel form waste cooking oil with small 
pilot plant. Energy Procedia, 61, 2822–2832.  
Ma, F., & Hanna, M. A. (1999). Biodiesel production : a review 1, 70, 1–15. 
Musa, I. A. (2016). The effects of alcohol to oil molar ratios and the type of alcohol 
on biodiesel production using transesterification process. Egyptian Journal of 
Petroleum, 25(1), 21–31. 
  
 
 
N.Saifuddin, A Z. Raziah and H Nor Farah, (2009). Production of biodiesel from 
high acid value waste cooking oil using an optimized lipase enzyme / acid-
catalyzed hybrid process. E-Journal of Chemistry, 6(S1), S485–S495. 
Nahar, K., & Sunny, S. A. (2011). Extraction of biodiesel from a second generation 
energy crop (jatropha curcas l.) by transesterification process. Journal of 
Environmental Science and Technology, 4(5), 498–503. 
Ong, H. C., Mahlia, T. M. I., & Masjuki, H. H. (2011). A review on energy scenario 
and sustainable energy in Malaysia. Renewable and Sustainable Energy 
Reviews, 15(1), 639–647.  
Parawira, W. (2010). Biodiesel production from jatropha curcas : A review. Scientific 
Research and Essays, 5(14), 1796–1808. 
Pathak, S. (2015). Acid catalyzed transesterification. Journal of Chemical and 
Pharmaceutical Research, 7(3), 1780–1786. 
Patil, P. D., & Deng, S. (2009). Optimization of biodiesel production from edible and 
non-edible vegetable oils. Fuel, 88(7), 1302–1306.  
Patil, P., Gude, V. G., Pinappu, S., & Deng, S. (2011). Transesterification kinetics of 
camelina sativa oil on metal oxide catalysts under conventional and microwave 
heating conditions. Chemical Engineering Journal, 168(3), 1296–1300. 
Praptijanto, A. (2011). Sonochemistry Approach For AnewProcess Biodiesel 
Production From Jatropha Curcas Oil. Universiti Tun Hussein Onn Malaysia: 
Thesis Master Degree. 
Predojević, Z. J. (2008). The production of biodiesel from waste frying oils: A 
comparison of different purification steps. Fuel, 87(17–18), 3522–3528. 
Qian, J., Shi, H., & Yun, Z. (2010). Preparation of biodiesel from Jatropha curcas L. 
oil produced by two-phase solvent extraction. Bioresource Technology, 101(18), 
7036–42. 
Rahayu, S. S., & Mindaryani, A. (2007). Optimization of biodiesel washing by water 
extraction. In Proceedings of the World Congress on Engineering and 
Computer Science (pp. 4–8). San Francisco, USA. 
Rathod, A. P., Wasewar, K. L., & Sonawane, S. S. (2013). Enhancement of 
esterification reaction by pervaporation reactor: An intensifying approach. 
Procedia Engineering, 51, 330–334. 
Romano, S. D., & Sorichetti, P. A. (2011b). Dielectric Spectroscopy in Biodiesel 
Production and Characterization. Springer Science & Business Media. 
  
 
 
Sadrameli, S. M., & Bibalan, S. (2012). Kinetic modeling of sunflower oil 
methanolysis considering effects of interfacial area of reaction system. Iranian 
Journal of Chemical Engineering, 9(1), 50–59. 
Samniang, A., Tipachan, C., & Kajorncheappun-ngam, S. (2014). Comparison of 
biodiesel production from crude Jatropha oil and Krating oil by supercritical 
methanol transesterification. Renewable Energy (Vol. 68). Elsevier Ltd. 
Shahid, E. M., & Jamal, Y. (2011). Production of biodiesel: A technical review. 
Renewable and Sustainable Energy Reviews, 15(9), 4732–4745. 
Singh, A. K., Fernando, S. D., & Hernandez, R. (2007). Base-catalyzed fast 
transesterification of soybean oil using ultrasonication. Energy and Fuels, 21(2), 
1161–1164.  
Sivakumar, P., Sindhanaiselvan, S., Gandhi, N. N., Devi, S. S., & Renganathan, S. 
(2013). Optimization and kinetic studies on biodiesel production from 
underutilized ceiba pentandra oil. Fuel, 103, 693–698.  
Specification for Biodiesel (B100) – ASTM D6751-07b. (2007). Retrieved from 
www.boidiesel.org 
SRS - Biodiesel Technologies. (2013). Retrieved from 
http://www.srsbiodiesel.com/technologies/esterification/high-ffa-pretreatment/ 
Stavarache, C., Vinatoru, M., Nishimura, R., & Maeda, Y. (2005). Fatty acids methyl 
esters from vegetable oil by means of ultrasonic energy. Ultrasonics 
Sonochemistry, 12, 367–372. 
Talebian-kiakalaieh, A., Aishah, N., Amin, S., & Mazaheri, H. (2013). A review on 
novel processes of biodiesel production from waste cooking oil. Applied 
Energy, 104, 683–710. 
Thanh, L. T., Okitsu, K., Sadanaga, Y., Takenaka, N., Maeda, Y., & Bandow, H. 
(2010). Ultrasound-assisted production of biodiesel fuel from vegetable oils in a 
small scale circulation process. Bioresource Technology, 101(2), 639–45. 
Tippayawong, N., & Sittisun, P. (2012). Continuous-flow transesterification of crude 
jatropha oil with microwave irradiation. Scientia Iranica, 19(5), 1324–1328. 
Torres-Jimenez, E., Svoljsak-Jerman, M., Gregorc, A., Lisec, I., Doroda, M. P., & 
Kegl, B. (2010). Physical and chemical properties of ethanol-biodiesel blends 
for diesel engines. Energy & Fuels, 24(March/April), 2002–2009. 
 
 
  
 
 
Tunc, M. F., Gurbuz, H., & Türkay, S. Z. (2010). Non-evaporative solvent recovery 
step in deacidification of used frying oil as biodiesel feedstock by methanol 
extraction. JAOCS, Journal of the American Oil Chemists’ Society. 
Ultrasonic Processors for Biodiesel Production. Retrieved from 
https://www.hielscher.com/biodiesel_transesterification_01.htm#Biodiesel_Man
ufacturing_System 
Van Gerpen, J. (2005). Biodiesel Processing and production. Fuel Processing 
Technology, 86, 1097–1107. 
Van Manh, D., Chen, Y. H., Chang, C. C., Chang, M. C., & Chang, C. Y. (2011). 
Biodiesel production from tung oil and blended oil via ultrasonic 
transesterification process. Journal of the Taiwan Institute of Chemical 
Engineers, 42(4), 640–644. 
Veljković, V. B., Lakićević, S. H., Stamenković, O. S., Todorović, Z. B., & Lazić, 
M. L. (2006). Biodiesel production from tobacco (Nicotiana tabacum L.) seed 
oil with a high content of free fatty acids. Fuel, 85(17–18), 2671–2675. 
Vora-adisak, N., & Varanusupakul, P. (2006). A simple supported liquid hollow fiber 
membrane microextraction for sample preparation of trihalomethanes in water 
samples. Journal of Chromatography A, 1121(2), 236–241. 
Vyas, A. P., Subrahmanyam, N., & Patel, P. A. (2009). Production of biodiesel 
through transesterification of jatropha oil using KNO3/Al2O3 solid catalyst. 
Fuel, 88(4), 625–628. 
Yee, K. F., Lee, K. T., Ceccato, R., & Abdullah, A. Z. (2011). Production of 
biodiesel from Jatropha curcas L. oil catalyzed by SO4
2-/ZrO2 catalyst: Effect of 
interaction between process variables. Bioresource Technology, 102(5), 4285–
4289.  
Yogesh C. Sharma, Bhaskar Singh, J. K. (2010). High yield and conversion of 
biodiesel from a nonedible feedstock ( pongamia pinnata ). Journal of 
Agricultural and Food Chemistry, 58(December), 242–247. 
Yori, J. C., D’Ippolito, S. A., Pieck, C. L., & Vera, C. R. (2007). Deglycerolization 
of biodiesel streams by adsorption over silica beds. Energy and Fuels, 21(1), 
347–353. 
You, Q., Yin, X., Zhao, Y., & Zhang, Y. (2013). Biodiesel production from jatropha 
oil catalyzed by immobilized burkholderia cepacia lipase on modified 
attapulgite. Bioresource Technology, 148, 202–207.  
  
 
 
Yunus, S., Abdullah, N. R., Mamat, R., & Rashid, A. A. (2013). An overview of 
palm, jatropha & algae as a pontential biodiesel feedstock in Malaysia. In 
International Conference on Mechanical Engineering Research (pp. 1–10). 
Kuantan, Pahang, Malaysia. 
Zhang, S., Zu, Y., Fu, Y., Luo, M., Zhang, D., & Efferth, T. (2010). Rapid 
microwave-assisted transesterification of yellow horn oil to biodiesel using a 
heteropolyacid solid catalyst. Bioresource Technology, 101(3), 931–936. 
Zhangfang-Yunnan. (2013). Pretrement techniques for biofuels and biorefineries. 
Springer. 
Zhu, H., Wu, Z., Chen, Y., Zhang, P., Duan, S., Liu, X., & Mao, Z. (2006). 
Preparation of biodiesel catalyzed by solid super base of calcium oxide and its 
refining process. Chinese Journal of Catalysis, 27(5), 391–396. 
 
 
 
 
 
 
